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Background: Migraine is notably prevalent among young individuals and women, who generally demonstrate favorable arterial 
compliance. Pulse pressure is a reliable measure of arterial compliance; nevertheless, the association between pulse pressure and 
migraine is not well understood.
Aim: To investigate the potential causal relationship between pulse pressure and the risk of migraine using Mendelian randomization 
(MR).
Methods: The pulse pressure studies mainly involved participants of European descent, while the migraine studies included 
individuals from various parts of the UK. The primary analysis used Inverse Variance Weighted (IVW) method, supplemented by 
weighted median and MR-Egger regression. Validation data came from the FinnGen study. Genes linked to pulse pressure were 
analyzed for Gene Ontology (GO) and KEGG enrichment using the DAVID platform.
Results: Single-nucleotide polymorphisms linked to pulse pressure were sourced from a GWAS database (810,865 individuals), while 
migraine data came from UK Biobank (13,971 cases, 470,627 controls). The IVW method showed an OR of 0.992 [95% confidence 
interval (CI), 0.987–0.997; p = 0.002]. Both weighted median (OR 0.988; 95% CI, 0.982–0.994; p < 0.001) and MR-Egger (OR 0.985; 
95% CI, 0.972–0.997; p = 0.016) analyses confirmed a negative causal link between pulse pressure and migraine risk. The MR-Egger 
intercept analysis showed minimal evidence of horizontal pleiotropy (b = 0.00013, SE = 0.00010, p = 0.209). Finnish data confirmed 
a causal link between migraine and pulse pressure, with the IVW method indicating a significant association (OR = 0.790, 95% CI: 
0.676–0.922; p = 0.003). KEGG enrichment analysis revealed significant pathways regulating pulse pressure, many related to 
cardiovascular disease and type 2 diabetes.
Conclusion: MR analysis showed that pulse pressure causally affects migraines, potentially explaining why young people and women 
experience more migraines, while those with type 2 diabetes have a lower risk. Further research is needed to understand this 
relationship.
Keywords: migraine, pulse pressure, gwas, causal association, Mendelian randomization

Introduction
Migraine is a recurrent neurovascular disorder.1 It affects an estimated 15% of the worldwide population.2 Migraine 
attacks primarily impact individuals in the young and middle-aged demographic, with a significantly higher prevalence 
noted among females.3 The prevalence of migraine is 2 to 3 times greater in women of childbearing age compared to 
men.4 The complex physiopathology of migraine adds to its burden. Several peripheral and central mechanisms are 
involved in migraine physiopathology, such as peripheral and central sensitization, lack of habituation, thalamo - cortical 
dysrhythmia, and hyperexcitability of the motor cortex.5 Migraine also presents various comorbidities. These comorbid-
ities can significantly influence the course and management of migraine. Moreover, sex differences play a crucial role not 

Journal of Pain Research 2025:18 3159–3170                                                                3159
© 2025 Xu et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v4.0) License (http://creativecommons.org/licenses/by-nc/4.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Journal of Pain Research                                                                   

Open Access Full Text Article

Received: 18 January 2025
Accepted: 31 May 2025
Published: 25 June 2025

Jo
ur

na
l o

f P
ai

n 
R

es
ea

rc
h 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/4.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


only in the prevalence of migraine but also in the manifestation of comorbidities. Females may experience different types 
of comorbidities and show distinct responses to treatment compared to males.6

Pulse pressure, the difference between systolic and diastolic blood pressure, indicates arterial endothelial 
function, elasticity, compliance, and cardiovascular aging.7 Pulse pressure increases with age, and compared to 
males, females generally exhibit more pronounced changes in pulse pressure levels during middle age.8 Vascular 
changes in migraine patients are considered important driving factors for migraine.9 However, current research on 
endothelial function and compliance in migraine patients yields contradictory results. Some reports suggest that 
migraine patients may demonstrate stronger arterial endothelial function and better compliance, while others indicate 
no difference in endothelial function between migraine and non-migraine individuals.10 However, a greater body of 
research supports endothelial dysfunction and reduced elasticity in the arterial system of migraine patients.11–13 

However, this perspective fails to account for why migraines typically manifest in early adulthood, a period 
characterized by generally good arterial wall elasticity and minimal compliance reduction.14,15 It also fails to 
elucidate why migraines are more prevalent in females during both young and middle adulthood, despite females 
often exhibiting superior vascular elasticity and compliance during these life stages compared to males.16–18 

Regarding the above paradoxes surrounding migraine, in 2020, Al-Hassany et al contributed a review titled 
“Giving Researchers a Headache - Sex and Gender Differences in Migraine”, specifically discussing the paradoxes 
regarding sex and vascular function in migraine patients and emphasizing the importance of such research for 
migraine diagnosis and treatment.19 In 2024, Duan et al discovered potential protective effects of migraine against 
coronary artery disease and ischemic stroke.20 Al-Hassany et al emphasized the necessity of conducting more in- 
depth research into the mechanisms of migraine and vascular processes to address this phenomenon.19 Based on the 
above background, it is evident that the academic community lacks a clear understanding of the causal relationship 
between pulse pressure and migraine risk. This is especially the case when considering the complex interplay of 
gender differences, migraine comorbidities, and the paradoxes present in studies of vascular function related to 
migraine.

The MR determines causal links between exposures and outcomes by using genetic variations that are inherited at 
conception and not influenced by external factors.21 Recent genome-wide association studies (GWAS) have uncovered 
numerous genetic loci associated with pulse pressure in individuals of European ancestry,22 which supports the primary 
objective of this study. In this study, we will utilize relevant data from individuals of European ancestry from the UK Biobank 
and FinnGen. By applying MR, we aim to validate the hypothesis proposed in this research, that is, an increase in pulse 
pressure reduces the risk of migraine, thus providing new insights into the pathogenesis and treatment strategies of migraine.

Methods
Study Design
MR analysis relies on three fundamental assumptions, to reduce bias in research results: 1. Relevance Assumption: The 
instrumental variable (IV) selected should have a strong correlation with the exposure. 2. Independence Assumption: The 
IVs must be free from any confounding factors in the relationship between exposure and outcome. 3. Exclusion 
Restriction Assumption: Exposure to IVs should be the only way the IVs affect the outcome.23 The fundamental 
principles underlying MR analysis for exploring the causal impact of pulse pressure on migraine are illustrated in 
Figure 1. To enhance the credibility of our findings, apart from utilizing the discovery dataset for research exploration, 
we conducted result validation using a separate validation dataset. As the genetic nature of migraine and the relationship 
between migraine patients and the occurrence of cardiovascular diseases are not fully understood,24 an analysis of reverse 
causal relationships was conducted using MR. Subsequently, we explored the underlying mechanisms behind pulse 
pressure and migraine by using GO and KEGG enrichment analysis. The study design is depicted in Figure 2.

Data Sources and Study Participants
The genetic correlation and two-sample MR studies were conducted from September to October 2024. We included GWAS 
data sources with maximum and most recent sample sizes available. These sources included information on pulse pressure 
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participants from 810,865 European ancestry individuals from four collaborative groups (CHARGE, CHD Exome+, GoT2D: 
T2DGenes, ExomeBP) and the UK Biobank (UKBB). Among these 810,865 individuals, 445,360 European individuals were 
from the UKBB. The pulse pressure database contained a total of 240,694 single nucleotide polymorphisms (SNPs) (GWAS 
ID: ebi-a-GCST90000065).22 As reported by Surendran et al, pulse pressure was defined as systolic pressure minus diastolic 
pressure, utilizing mean values of measured values. For those known to be on antihypertensive therapy, augment their initial 
systolic blood pressure by 15 mmHg and their diastolic blood pressure by 10 mmHg to derive medication-adjusted pulse 
pressure values. The migraine datasets consist of a discovery dataset and a validation dataset. The discovery dataset is 

Figure 1 MR analysis was utilized to explore the causal impact of pulse pressure on migraine. 
Abbreviation: SNP, single nucleotide polymorphisms.

Figure 2 Study Design. 
Abbreviations: GWAS, genome-wide association studies; ID, identification; UK, United Kingdom; LD, linkage disequilibrium; MAF, minor allele frequency; GO, gene 
ontology; KEGG, Kyoto encyclopedia of genes and genomes; SNP, single nucleotide polymorphisms; MR, Mendelian randomization.
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sourced from the UK Biobank (GWAS ID: ebi-a-GCST90038646), comprising 13,971 migraine cases and 470,627 controls, 
all from various regions of the UK, with results from association analysis of 9,587,836 SNPs. The validation dataset is 
derived from the FinnGen study (GWAS ID: FINN-B-MIGRAINE_TRIPTAN), including 19,676 migraine cases and 
199,116 controls, along with association analysis results of 16,380,466 SNPs. This study was approved by the Ethics 
Committee of the First Medical Center (approval number: S2025-228-01), PLA General Hospital.

Instrumental Variable Selection
To enhance the precision and dependability of the study outcomes, a stringent SNP selection protocol was employed. 
Specifically, SNPs demonstrating genome-wide significant associations (p < 5×10−8) with the exposure were selected, 
whereas those showing high linkage disequilibrium, (r2 < 0.001, with a window size of 10,000 kb) were excluded from 
the analysis. The confounding factors were identified utilizing PhenoScanner (http://www.phenoscanner.medschl.cam.ac. 
uk/phenoscanner). The palindrome SNPs were retained based on the MAF < 0.3. MR-PRESO is capable of detecting 
outliers in IVW linear regression and removing them. To assess the robustness of the association between IVs and 
exposure, and to mitigate the potential influence of weak IVs, the F-statistic was employed. IVs exhibiting an F < 10 
were excluded to reduce the effects of genetic confounding or measurement errors.25

Statistical Analysis
This study employs bidirectional two-sample MR analysis to explore the potential causal relationship between pulse pressure 
and migraine risk. The primary analytical method employed was the IVW approach,26 supplemented by the weighted median 
and Mendelian randomization-Egger (MR-Egger) regression techniques. The IVW method exhibits robust statistical power; 
however, it is susceptible to horizontal pleiotropy, posing challenges in fulfilling the three fundamental assumptions of MR.27 

Therefore, we further employed the Weighted Median approach, under the premise that as long as at least half of the 
instruments utilized in the MR analysis are valid, the weighted median estimator remains applicable even with invalid 
instruments.28 We also employed MR-Egger, a method that remains applicable even in scenarios where all SNPs originate 
from invalid instruments.29 Significance was deemed to be attained when p < 0.05 was demonstrated.

To assess heterogeneity across estimates derived from individual genetic variants, the Cochran’s Q test (CQT) was 
used.30 An IVW random effects model was utilized instead of a fixed effects model when significant heterogeneity was 
detected.31 MR analyses were conducted using a variety of methodologies to assess the effect of horizontal pleiotropy. 
Initially, the intercept value was determined using MR-Egger intercept analysis. Subsequently, the MR-PRESSO test was 
utilized to identify and eliminate outliers potentially influenced by horizontal genetic pleiotropy, thereby enhancing the 
reliability of the MR analysis. Additionally, leave-one-out (LOO) analyses were conducted to assess the individual 
impact or bias of each SNP on the collective estimate. The MR analyses and associated tests were carried out using the 
“MRPRESSO” and “TwoSampleMR” packages within the R software environment, specifically version 4.2.2. (The 
R Project for Statistical Computing, Vienna, Austria).

Pathway and Functional Enrichment Analyses
To explore the potential mechanisms linking pulse pressure difference and migraine, the National Center for Biotechnology 
Information SNP database (https://www.ncbi.nlm.nih.gov/snp) was employed to find genes associated with the SNPs 
included in the MR analysis. In this study, we used the DAVID web tool (https://david.ncifcrf.gov/tools.jsp) to analyze 
Gene Ontology (GO) functional annotation and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment. 
The GO terms or KEGG pathways meeting the Bonferroni correction-corrected p≤ 0.05 were considered significantly 
enriched.

Result
Causal Effect of Pulse Pressure on Migraine Risk from MR Analysis
We identified 190 SNPs closely associated with abnormal pulse pressure. Adhering to the SNP screening criteria outlined 
above, we identified a total of 187 instruments within the UK Biobank dataset. After excluding two SNPs (rs1229984,32 
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rs934937933) that violated the third assumption, 185 SNPs remained. Utilizing migraine discovery data from the UK 
Biobank, we applied MR-PRESSO to detect five outlier SNPs (rs2895811, rs4926, rs72932557, rs9373985, and 
rs9982601), which were subsequently removed from the analysis. As a result, these 180 SNPs were employed as IV 
for the MR analysis. In Supplementary Table 1, comprehensive details are provided about these SNPs.

According to CQT, there is substantial heterogeneity among the instruments, which is illustrated by the Q statistic of 
300.86 (p = 3.138e-8). Consequently, we performed a MR analysis employing an IVW random effects model. 
Supplementary Figure 1 and Supplementary Table 2 present the forest plot illustrating the causal effect of each SNP 
on migraine risk, accompanied by detailed results. The IVW method showed a statistically significant causal association 
between pulse pressure and migraine risk, with an odds ratio (OR) of 0.992 [95% confidence interval (CI), 0.987–0.997; 
p = 0.00086]. The weighted median analysis produced an OR of 0.988 (95% CI, 0.982–0.994; p = 0.0002), while MR- 
Egger analysis indicated an OR of 0.984 (95% CI, 0.973–0.995; p = 0.005). Collectively, these results suggest a negative 
causal relationship between pulse pressure and migraine risk, as depicted in Figure 3 and detailed in Supplementary 
Table 3. Figure 4 presents the scatter plot, funnel plot, and kernel density plot derived from the MR analysis. Utilizing the 
primary analytical approach, namely IVW analysis, it can be inferred that each 1 mmHg increment in genetically 
determined pulse pressure is associated with a 0.8% reduction in migraine risk. The MR-Egger intercept analysis 
suggests a minimal probability of horizontal pleiotropy, as evidenced by a b intercept value of 0.00015, a standard 
error of 0.000091, and a p value of 0.1065. Additionally, sensitivity analyses employing the LOO method produced 
consistent results, thereby bolstering the reliability of our findings (Supplementary Table 4).

It is important to acknowledge that there is an overlap between the pulse pressure and migraine datasets used in this 
study from the UK Biobank. To assess the potential impact of this overlap on our findings, we utilized an online 
assessment application (https://sb452.shinyapps.io/overlap/) to determine that the bias attributed to sample overlap did 
not exceed 0.004, and that the Type I error rate remained below 0.05. Furthermore, the minimum F-statistic for these 
SNPs was 29.81, with an average of 81.61, suggesting that the likelihood of bias due to weak instruments is minimal.

Reverse Mendelian Randomization Analysis
In the reverse MR analysis, employing the migraine discovery dataset from the UK Biobank, we identified four SNPs 
significantly associated with migraine risk. Following the exclusion of one SNP (rs9349379) due to a violation of the 
third assumption, three SNPs (rs11172113, rs12295710, rs6738979) remained for subsequent MR analysis. These 
analyses appear to be robust against weak instrument bias, as evidenced by the F-statistics (Supplementary Table 5). 
For a comprehensive analysis of these SNPs, please consult Supplementary Table 6. The IVW method identified 
a statistically significant causal association between migraine and pulse pressure, with an OR of 0.138 (95% CI: 
0.038–0.499; p = 0.003). The weighted median analysis produced an OR of 0.181 (95% CI: 0.082–0.398; p = 
0.00002), whereas the MR-Egger analysis indicated an OR of 0.009 (95% CI: 0.00013–0.658; p = 0.277). CQT showed 
significant heterogeneity among the instruments, yielding a Q statistic of 9.72 (p = 0.008). LOO sensitivity test 
examining the impact of migraine on pulse pressure is detailed in Supplementary Table 7, which provides comprehensive 
data. Furthermore, the pleiotropy assessment conducted via the MR-Egger intercept analysis demonstrated a minimal 
probability of pleiotropy (intercept b = 0.009; standard error = 0.007; p = 0.420).

Figure 3 Forest plot of Mendelian randomization analysis between pulse pressure and migraine risk in the UK Biobank dataset. 
Abbreviations: OR, odds ratio; CI, confidence intervals; MR, Mendelian randomization.
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Validation of the Causal Relationship Between Migraine and Pulse Pressure
We identified 190 SNPs closely associated with abnormal pulse pressure. Utilizing the specified SNP screening criteria, 
we identified 186 instruments within the Finnish dataset. Following the exclusion of two SNPs (rs9349379, rs1229984) 
that did not satisfy the third assumption, 184 SNPs remained. In the analysis of migraine-related data from Finland, we 
employed MR-PRESSO to detect and exclude two outlier SNPs (rs9373985, rs4074536). The analysis proceeded with 
the remaining 182 SNPs, which served as IVs in the MR analysis. Comprehensive details regarding these 182 SNPs can 
be found in Supplementary Table 8. A Q statistic of 272.99 (p = 1.167e

−5) indicated significant heterogeneity among the 
IVs according to CQT. Subsequently, we performed a MR analysis utilizing the IVW random-effects model. Detailed 
results, including the forest plot illustrating the causal effect of each SNP on migraine risk, are presented in 
Supplementary Figure 2 and Supplementary Table 9. The IVW approach identified a statistically significant causal 
association between pulse pressure and migraine risk, with an OR of 0.790, 95% CI: 0.676–0.922; p = 0.003). The 
weighted median analysis produced an OR of 0.835 (95% CI: 0.686–1.020, p = 0.073), while the MR-Egger analysis 
indicated an OR of 0.742 (95% CI: 0.509–1.082, p = 0.123). The detailed data for these results are provided in 
Supplementary Table 10. The MR-Egger intercept analysis indicated a minimal probability of horizontal pleiotropy, 

Figure 4 The Scatter Plot, Funnel Plot, and Kernel Density Plot of MR Analysis Between Genetically Predicted Pulse Pressure and Migraine Risk in the UK Biobank dataset. 
(A) Scatter plot for the causal effect of pulse pressure on migraine risk. (B) Funnel plot for the overall heterogeneity in the effect of pulse pressure on migraine risk. (C) The 
kernel density plot for each SNP in MR analysis. 
Abbreviations: SNP, single nucleotide polymorphisms; MR, Mendelian randomization; SE, standard error; IV, instrumental variables.
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evidenced by an intercept b value of 0.001, a standard error of 0.003, and a P-value of 0.725. Moreover, sensitivity 
analysis employing the “leave-one-out” method yielded consistent outcomes, thereby reinforcing the robustness of our 
findings (refer to Supplementary Table 11). Additionally, the minimum F-statistic for these SNPs was 29.81, with an 
average of 81.17, suggesting that the influence of weak instruments on our results is likely negligible.

In the reverse MR analysis conducted using the migraine discovery dataset from Finland, we identified three SNPs— 
rs10187654, rs11172113, and rs9349379—that exhibited significant associations with migraine risk. Upon excluding the 
SNP rs9349379 due to its violation of the third assumption, two SNPs, rs11172113 and rs10187654, remained for 
subsequent MR analysis. The F-statistics for these SNPs were 64.80 and 33.01, respectively. For a comprehensive 
overview of the analysis results pertaining to these SNPs, please refer to Supplementary Table 12. Utilizing only two IVs, 
our fixed-effect IVW analysis demonstrated a significant causal association between migraine and pulse pressure (OR: 
0.920, 95% CI:0.898–0.943; p =2.34 e-11).

Gene-Set Enrichment Analyses
A total of 160 candidate genes were identified from the 182 SNPs included in the MR analysis, as reported on the NCBI 
SNP database. These genes are located on various chromosomes throughout the genome. Through the online platform 
https://www.bioinformatics.com.cn/, GO enrichment analysis and KEGG analysis were performed on the 160 identified 
genes. GO enrichment analysis categorizes these genes into molecular function, cellular component, and biological 
process, aiming to further understand their associated functionalities. The results indicate that in terms of cellular 
components, the genes are primarily enriched in GO: Golgi apparatus, Z disc, microvillus, extracellular matrix, lateral 
plasma membrane, stress fiber. Regarding molecular functions, these genes are mainly associated with actin binding, 
protein binding, actin filament binding. In terms of biological processes, the genes are primarily related to regulation of 
fatty acid metabolic process, cardiac muscle contraction, embryonic skeletal system morphogenesis, sarcomere organiza-
tion, positive regulation of transcription, DNA-templated, positive regulation of nuclear-transcribed mRNA poly (A) tail 
shortening, methylation (Refer to Supplementary Figure 3 and Supplementary Tables 13–15 for details). The KEGG 
analysis aims to elucidate the signaling pathways involved within these genes. The KEGG enrichment pathway analysis 
reveals significant enrichment of these genes in pathways such as hypertrophic cardiomyopathy, aldosterone synthesis 
and secretion, cGMP-PKG signaling pathway, insulin resistance, dilated cardiomyopathy, alcoholic liver disease, 
adrenergic signaling in cardiomyocytes, cardiac muscle contraction, type 2 diabetes mellitus (Refer to Figure 5 and 
Supplementary Table 16 for details).

Discussion
In our study, MR analysis was used to investigate the causal relationship between pulse pressure levels and migraine risk. 
The MR analysis unveiled a noteworthy finding: there is a negative causal relationship between pulse pressure and 
migraine risk, with each 1 mmHg increase in pulse pressure associated with a 0.8% reduction in migraine risk. The tests 
for horizontal pleiotropy and sensitivity analyses further substantiated the reliability of our findings. The consistency 
between the MR analysis results from the Finnish and UK databases underscored the robustness of our study outcomes. 
Additionally, the results of GO enrichment analysis and KEGG pathway analysis highlighted the involvement of the 
identified genes in cardiovascular diseases and type 2 diabetes-related pathways. These findings contribute to our 
understanding of the potential mechanisms underlying the relationship between cardiovascular anomalies, insulin 
resistance, and the incidence of migraines.

Pulse pressure serves as an indicator of arterial endothelial function, elasticity, and compliance.17,34,35 Therefore, we 
can interpret this result as lower arterial compliance possibly being associated with a reduced risk of migraine. This 
interpretation is supported by consistent evidence in the literature. The highest incidence of migraine occurs in the 10–14 
age group, with a subsequent decrease in risk as individuals age.14 Evidence suggests that optimal arterial elasticity is 
observed in healthy adolescents aged 11 to 17 years,15 with a corresponding decline in arterial compliance as age 
increases. A nationwide survey in the United States regarding migraine incidence indicates a significant decrease in 
migraine prevalence among individuals aged 60 and above in each state.36 This discovery is consistent with the overall 
decrease in vascular compliance seen in elderly individuals,37 offering additional evidence for the inverse correlation 
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between vascular compliance and the occurrence of migraines. Women are 2–3 times more likely than men to suffer from 
migraines, according to reports.16 This finding may correlate with the commonly observed higher vascular compliance in 
adult females compared to males,17,18 thereby offering additional support for our findings from a gender perspective. In 
youth and middle age, men consistently display higher systolic and diastolic blood pressure than women. However, after 
the age of 55, women’s blood pressure significantly increases.18 This developmental pattern of pulse pressure difference 
between genders with age highly coincides with the trend in migraine prevalence between genders.38–42 Our study results 
may provide insights into the paradoxes and contradictions regarding age and sex in migraine risk, as discussed in the 
articles “Cerebrovascular reactivity in subjects with migraine: Age paradox?”43 and “Giving Researchers a Headache - 
Sex and Gender Differences in Migraine”.19 In a 2024 MR study, it was found that migraine has a potential protective 
effect against coronary artery disease and ischemic stroke. In the reverse MR analysis, coronary atherosclerosis and 
myocardial infarction were found to have a potential protective effect against migraine. The reciprocal protective 
relationship in this study is mutually supportive of the findings of our current research.20 Evidently, the cardiovascular 
and cerebrovascular risks among migraine patients may vary due to individual differences, including genetic factors, 
lifestyle, and comorbidities. Future research needs to further take these individual differences into account to more 
accurately assess and predict the cardiovascular and cerebrovascular risks of migraine patients.44

The most commonly used animal model for migraine involves the systemic administration of nitroglycerin,45 

which can induce migraine-like symptoms in both migraine patients and healthy individuals.46 Nitroglycerin, as 
a nitric oxide donor, is a potent vasodilator compound that significantly increases vascular compliance, thus 
affecting pulse pressure.47 The most revolutionary drugs in migraine treatment are the triptans, which exert 
a vasoconstrictive effect on dilated cerebral and meningeal vessels by stimulating 5-HT1B receptors.46 It is 
hypothesized that triptans achieve acute migraine treatment by increasing tension in intracranial vessels and 
reducing intracranial vascular compliance to normalize the pulse pressure. Recent developments in migraine drug 

Figure 5 The Sankey and Bubble plot illustrating KEGG analysis. The Sankey diagram only displays the KEGG analysis results with a significance level of P < 0.05. 
Abbreviation: KEGG, Kyoto Encyclopedia of Genes and Genomes.
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research have been largely driven by in-depth studies on the calcitonin gene-related peptide (CGRP) pathway. 
Studies have shown that intravenous administration of CGRP increases the frequency of migraine-like symptom 
attacks,48 further emphasizing the importance of CGRP. In recent years, CGRP inhibitors have been approved for 
the treatment of episodic and chronic migraines.49 CGRP, a neuropeptide located in the peripheral and central 
nervous systems, participates in pain regulation in the trigeminal vascular system and possesses potent vasodila-
tory effects.49 CGRP inhibitors block cranial vascular dilation, reduce intracranial vascular compliance, and 
normalize the pulse pressure difference of intracranial vessels to achieve the goal of treating migraines. 
Multiple clinical studies have shown that propranolol is more effective than placebo in preventing migraines, 
and it can significantly reduce the frequency of migraine attacks.50 A meta - analysis51 investigated various 
medications for migraine prevention, including β - blockers. The results indicated that β - blockers such as 
propranolol have moderate - certainty evidence in reducing the number of monthly migraine days.52 The possible 
mechanism by which β - blockers prevent migraine attacks is that by blocking the β - receptors of the sympathetic 
nervous system, they reduce the contraction and dilation of blood vessels, thereby decreasing the likelihood of 
migraine attacks. For example, propranolol can regulate vascular tone and reduce excessive vascular responses, 
thus preventing the onset of migraines.53 The representative drugs mentioned above related to migraines, namely 
nitroglycerin, triptans, CGRP inhibitors, and β - blockers, all have the potential to influence the pathogenesis of 
migraines by affecting arterial vascular compliance. Our research findings rationalize the efficacy of the above - 
mentioned drugs in preventing migraine attacks or alleviating migraine symptoms by reducing vascular pulse 
pressure.

GO enrichment analysis and KEGG analysis have provided additional insights into the biological mechanisms 
underlying the observed causal association between pulse pressure and the risk of migraine. The analysis results may 
elucidate the potential involvement of these pathways in the pathophysiology of pulse pressure abnormalities and 
migraine. Specifically, these pathways encompass heart processes, contractile actin filament bundles, actin filament 
binding, striated muscle cell development, and myofibril assembly, among others. Our findings contribute to our 
understanding of the causal relationship between migraines and cardiovascular system abnormalities. Patients with 
migraine with aura appear to face a higher risk of cardiovascular and cerebrovascular diseases. For instance, a study 
discovered that patients with migraine with aura exhibited increased arterial stiffness, which could be a crucial mediating 
factor for cardiovascular and cerebrovascular diseases.54 Another study also indicated that there is a causal relationship 
between migraine with aura and coronary heart disease as well as ischemic stroke.20 The subtypes of migraine, the 
multiple biological pathways mentioned above, and the possible involvement of cerebral autoregulation and the 
trigeminal vascular system may all influence the risk of migraine onset. This is mutually corroborated with the pleiotropy 
of SNPs in this study. Therefore, further research is needed to explore their interaction mechanisms. Furthermore, it is 
intriguing to note that we also found the insulin resistance pathway may play a role in the pathophysiology of pulse 
pressure and migraine. This may help elucidate some of the questions raised in Gelfand et al’s commentary article 
“Potential Benefits of Migraine—What Is It Good For?”,55 such as the reduced risk of migraine in women with type 2 
diabetes.56 Based on the results of our study, we speculate that this may be because insulin resistance leads to type 2 
diabetes, which can cause and exacerbate arterial hardening,57 leading to increased pulse pressure and thus reducing the 
risk of migraine. As indicated in the commentary, migraine patients are more likely to have a healthier cardiovascular 
system.

This MR study possesses several strengths. Firstly, to our knowledge, this study is the first to investigate the 
relationship between pulse pressure and the risk of migraine. Secondly, the MR study design is based on three main 
assumptions, and different methodologies were employed to validate these assumptions. Thirdly, we utilized the largest- 
scale GWAS of pulse pressure and migraine to date. Fourthly, GWAS from European ancestry populations mitigated the 
impact of population stratification.

Certainly, our study has several limitations. Firstly, our MR analysis was exclusively based on European ancestry, 
thus necessitating validation of our study conclusions in other populations. Secondly, we will carefully interpret the 
results of the reverse causality analysis. These results need to be further validated with a larger sample size and the 
support of more instrumental variables. Thirdly, although it has been demonstrated that genetically elevated pulse 
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pressure can reduce the risk of migraines, and GO enrichment and KEGG pathway analyses have been conducted, these 
biological mechanisms are still in the speculative stage and require further experimental validation. Fourthly, genetically 
elevated pulse pressure may not necessarily reflect intracranial arterial pressure, which might have a more direct causal 
relationship with migraine, necessitating further investigation. Fifthly, while our MR study may provide compelling 
evidence for the causal relationship between pulse pressure and migraine risk, it does not address the impact of pulse 
pressure on the severity of migraine in diagnosed patients. Sixthly, despite the numerous advantages of MR studies, they 
also have inherent limitations, including pleiotropy, low statistical power, bias due to sample overlap and population 
stratification (ie, confounding by ancestry). To detect and correct for pleiotropy, we employed a robust MR-Egger 
intercept method in our MR study. To enhance statistical power, we utilized the largest-scale GWAS of pulse pressure 
and migraine to date. To mitigate population stratification, both the pulse pressure GWAS and migraine GWAS were 
sourced from European ancestry populations. Despite our efforts to minimize shortcomings, some limitations may 
persist. Therefore, our findings warrant replication in randomized controlled trials.

Conclusions
Our MR analysis provides evidence of a causal relationship between genetically elevated pulse pressure and a reduced 
risk of migraine. This offers a reasonable explanation for the relatively high prevalence of migraine among young people 
and women, and also provides a speculative explanation for the lower risk of migraine in patients with diabetes. Further 
research is needed to elucidate the underlying mechanisms behind this relationship. Further research is needed to 
elucidate the underlying mechanisms behind this relationship. Additionally, the results of this study may provide 
a reference for the development of new migraine treatments. Drugs that appropriately increase pulse pressure without 
damaging the arterial system may play a role in the treatment of migraines.
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